Prolonged incubation with sucrose as an acceptor and cycloinulohexaose as a donor at a high concentration of cycloinulooligosaccharide fructanotransferase afforded a series of fructooligosaccharides. Their chain-length distribution extended over 10 degrees of polymerization when the donor concentration was increased to 120 mM. Increasing the acceptor concentration proved effective in improving the yield of inulin-type oligosaccharides because hydrolysis was suppressed.
Prolonged incubation with sucrose as an acceptor and cycloinulohexaose as a donor at a high concentration of cycloinulooligosaccharide fructanotransferase afforded a series of fructooligosaccharides. Their chain-length distribution extended over 10 degrees of polymerization when the donor concentration was increased to 120 mM. Increasing the acceptor concentration proved effective in improving the yield of inulin-type oligosaccharides because hydrolysis was suppressed.
Key words: cycloinulooligosaccharide fructanotransferase; fructooligosaccharide; transglycosylation; cycloinulooligosaccharide
Cycloinulooligosaccharide fructanotransferase (CFTase) is a multifunctional enzyme similar to cyclomaltooligosaccharide glucanotransferase.
1) By intramolecular glycosylation of inulin, the enzyme produces three cycloinulooligosaccharides (CFs) called cycloinulohexaose (CF 6 ), cycloinuloheptaose, and cycloinulooctaose.
2) The enzyme also catalyzes two types of intermolecular transglycosylation. One is a coupling reaction in which one glycoside bond in CF 6 is cut and bound to another -fructofuranoside residue, resulting in the addition of an inulohexaosyl moiety. The other is a transglycosylation between two linear -(2!1)-fructooligosaccharide (FOS) molecules in which an inulotriosyl (F 3 ) unit is mainly transferred. Further, the enzyme catalyzes hydrolysis.
3) Recent reports indicate that the enzyme employs certain non-fructose saccharides, such as methyl -D-glucopyranoside, L-sorbose, and D-mannose, as acceptors in intermolecular transglycosylation. 4, 5) The reaction with 1% (w/v) of CF 6 and 15% (w/v) of the acceptor mainly yielded a heterotetrasaccharide having an F 3 moiety, but the application of non-fructose acceptors caused enhancement of hydrolytic activity, resulting in the co-production of a considerable amount of inulooligosaccharides. In contrast, when sucrose was used as the acceptor, yielding 1 F -D-fructosyl nystose (GF 4 ) as the main product, hydrolytic activity was not enhanced. 5) Irrespective of the acceptor, under this reaction condition, only short FOSs with up to 5 degrees of polymerization (DP) were afforded. We have concluded, however, that there must be a certain optimum condition for the synthesis of longer FOSs using CFTase. Hence, we examined the enzyme reaction with sucrose as an acceptor and CF 6 as a donor (the Suc/CF 6 system) using various combinations of concentrations of them. A reaction with inulin as the donor instead of CF 6 (the Suc/Inu system) was also examined.
CFTase was purified from a cultured broth of Bacillus circulans OKUMZ 31B, as described previously, 6) and concentrated to 4.2 units/ml in 20 mM of Tris-citrate buffer (pH 7.5) for use in subsequent experiments. CFTase was assayed as described previously.
6) The reactions of the Suc/CF 6 system were examined as follows: One reaction mixture comprised 20 ml of sucrose solution, 20 ml of CF 6 solution, and 10 ml of enzyme solution. The final concentrations of the substrates were varied, 120, 240, or 360 mM for sucrose, and 6, 12, 24, 60, or 120 mM for CF 6 . A total of 15 reactions with all combinations of these concentrations were initiated by addition of the enzyme solution. The reaction mixtures were incubated at 30 C for 2 d, and the reactions were terminated by heating the mixtures in boiling water for 2 min. Subsequently, the products were analyzed by TLC. The reactions of the Suc/Inu system were tested by a similar procedure, but the substrate concentrations differed. The final concentration of sucrose was fixed at 360 mM, and those of inulin were varied, at 0.6%, 1.2%, 2.4%, 6.0%, or 8.0% (w/v). TLC plates (Partisil HPK, Whatman Japan, Tokyo) were y To whom correspondence should be addressed. Fax: +81-72-978-3377; E-mail: kawamura@cc.osaka-kyoiku.ac.jp Abbreviations: CFTase, cycloinulooligosaccharide fructanotransferase; CF, cycloinulooligosaccharide; CF 6 , cycloinulohexaose; DP, degree of polymerization; FOS, fructooligosaccharides F 2 , F 3 , . . ., F x and GF 2 , GF 3 , . . ., GF x represent inulooligosaccharides and inulin-type oligosaccharides respectively. Figure 1 shows the results of the TLC analysis of all the Suc/CF 6 reactions tested. In the case of 120 mM sucrose, only short FOSs with up to DP 5 were produced at 6 and 12 mM CF 6 as reported previously. 5) In addition to these, GF 5 and GF 6 were produced in small amounts at 24 mM CF 6 . Further, a series of FOSs extending up to DP 9 and beyond DP 10 were produced at 60 and 120 mM CF 6 respectively. At the other two sucrose concentrations, similar changes in product composition that depended on the CF 6 concentration were observed. This revealed that the sucrose concentration had little effect on changes in DP distribution in the products, but some changes appear to have occurred depending on the sucrose concentration as based on the details of the TLC patterns. As sucrose concentration increased, the spots of fructose and inulooligosaccharises lightened, while those of inulin-type oligosaccharides consequently became clearer. This phenomenon must be due to suppression of the hydrolytic activity of the enzyme by the higher concentrations of sucrose. Comparison of the three reactions at 120 mM CF 6 revealed the following: Clearly due to CF 6 , a spot remained at 120 mM sucrose, the CF 6 spot appeared to overlap with the GF 5 spot at 240 mM sucrose, and this overlap became unclear at 360 mM sucrose. After invertase treatment, only a trace amount of CF 6 remained in the third reaction (data not shown). These results indicate that sucrose needed more than three times the number of mols of CF 6 to consume the major part of the added CF 6 .
Biosci
Thus the Suc/CF 6 system yielded a series of FOSs extending over DP 10 when the CF 6 concentration was increased to 120 mM. After that, increasing the sucrose concentration to the molar order minimized the production of inulooligosaccharides. However, we considered it unlikely that FOSs with such continuous DP distribution were produced merely by the enzyme action of transferring the F 3 unit, as described in the introductory section. Hence the time course of the reaction was examined at the highest concentrations of the substrates, 360 mM sucrose and 120 mM CF 6 . As shown in Fig. 2A , mainly, a coupling reaction was caused at 30 min after reaction initiation, resulting in major production of GF 7 and a faint spot of GF 13 that was produced by the doubled reaction. In addition, small amounts of GF 3 and GF 4 were produced, of which GF 4 was probably produced by the F 3 transfer between sucrose and GF 7 . As the reaction proceeded subsequently, CF 6 was constantly consumed, and the amount of FOSs shorter than DP 7 constantly increased. On the other hand, in the case of the longer FOSs, GF 7 , GF 10 , and GF 13 , that were produced by the coupling reaction or the F 3 transfer reaction, their amounts increased for up to 4 h and then decreased, whereas the amounts of GF 8 and GF 9 (possibly GF 11 and GF 12 ) continuously increased, or at least did not appear to decrease. In order to explain these changes, the enzyme was assumed to have fructosyltransfer activity in addition to F 3 transfer activity. Hence, we examined the enzyme activity in 0.1 M GF 2 solution at the same enzyme concentrations. As shown in Fig. 2B , sucrose, GF 3 , and GF 5 appeared as products after incubation for 24 h. Sucrose and GF 3 must have been produced by the fructosyltransfer reaction from GF 2 , and GF 5 was assumed to be produced by F 2 transfer reaction from GF 3 , because production of GF 4 was skipped.
Based on these results, we attempted direct production of FOSs with inulin as a donor. As shown in Fig. 3 , this system produced a considerable amount of CFs together with FOSs. Two microbial fructosyltransferases have been reported for FOS synthesis from sucrose. 8, 9) A fungal enzyme afforded FOSs under DP 6, and a Bacillus enzyme afforded over DP 10. The Suc/CF 6 system should be useful in providing middle-length FOSs.
